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ELECTROMECHANICAL PERMANENT-MAGNET BRUSHLESS MOTOR 

BACKGROUND OF THE INVENTION 
1 . Field of the Invention 

The present utility model relates to an electromechanical permanent-magnet brushiess motor, and 
pertains to a technical field of motor. 

2; Description of the Related Art 

Compared with a current motor outside which an inverter is separately installed, a 
permanent-magnet bnishless motor inside which an inverter is installed has advantages that the motor is 
not interfered by lead wires, is less affected by a temperature, stagnant air, and bad working conditions, 
and is compact in configuration, reliable in operation; and convenient in adjustment and maintenance. 



SUMMARY OF THE INVENTION 

It is an object of the present utility model to provide an external rotor type motor which is 
compact in structure, reliable in operation, and strong in anti-interference, and which is capable of 
operating in various bad working conditions and being directly driven. The motor is applicable to an 
electrically operated wheel type motor for an electrically operated vehicle, and a washing machine drum 
type external rotor permanent-magnet brushiess motor. 

The utility model can achieve the following technical effects: 1 . great moment, and a multiple 
pole configuration with a low cost, and 2. a configuration in which an inverter is inside a motor. 
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The operation principle of a motor according to the utility model is now explained by taking 
brushiess motor with 40 poles as an example. As shown in Figs. 1 and 2, reference numeral 1 indicates 
core laminate sheet of an Inner stator of a motor, reference numeral 2 indicates a core of an outer rotor, 
reference numeral 3 indicates permanent magnets (Nd-Fc-B), and reference numeral 4 indicates a lead 
wire fbr a stator winding. Twenty grooves are fonned in the cot« of the outer rotor 2 of the motor, and the 
permanent magnets are disposed in the grooves so that N pole of the permanent magnets is directed 
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towards an axis of the motor. It is not necessary to separate the permanent magnets from adjacent 
projecting teeth (non salient poles) with nonmagnetic material. The permanent magnets are directly 
disposed in the core grooves formed by the adjacent projecting teeth to constitute a 40 pole motor. 36 
grooves are formed in the sartor core and 36 windings are divided into three phases, each phase has 1 2 
winding sets, each pole has three windings and the three windings arc embedded in the windings grooves 
in an order of A, B, and C phases, respectively, so as to constitute a double layer bank winding. Since 
each pole of the stator has three windings, one winding is embedded in the winding grooves on both sides 
of each tooth, the intermediate winding of the three windings are reversely connected, and then the 
windings in each set of each phase are connected in scries and lead wires are leaded out For example, one 
winding is embedded in two adjacent grooves, that is, two sides of the same winding are fitted over one 
tooth. The windings of the A phase are embedded in grooves M, grooves 10^1 3, grooves 19-22, and 
grooves 28-31 , respectively, and an intermediate winding of every three windings arc rtjversely embedded 
in the winding groove. The four groups of windings are connected in series with each other in an end to 
end manner to constitute lead wires for the A phase. The windings of the B phase are embedded in 
grooves 4-7, grooves 13-16, grooves 22-25, and grooves 31-34 in sequence, respectively, and the 
windings are connected in series with each other in an end to end manner to constitute lead wires for the 
B phase. The windings of the C phase arc imbedded in grooves 7-10, grooves 16-19, grooves 25-28, and 
grooves 34^1 in sequence, respectively, and the windings are connected in series with each other in an end 
to end manner to constitute lead wires for the C phase. 

The motor has 20 pairs of magnetic poles, the Inner stator has 30 grooves, 20/1 8 of a pitch of the 
grooves is a pole pitch, and a phase pitch of the two adjacent phases is 20/3 of the pole pitch. 

At a left side of the inner stator of the motor, an inverter power transistor assembly 13 and a 
heat-radiating plate 1 4 are mounted. Small magnet assemble 6, 7, 1 5 are mounted and fixed to a recess at 
a right end cover 16 of the motor so that N and S magnetic poles of small magnets constitute a circular 
shape and attached to a circular iron ring 6. After assembly, the assembly is embedded in a circular groove 
formed by non-magnetic material such as nylon and plastic and then fixed to the end cover of the motor. 
It is to be noted that a distribution of position and angle of the N and S poles of the small magnets is the 
same as that of inner poles of the motor. Hall elements 8 and a primary electronic switching circuit 
element 1 8 are assembled and then mounted In a groove box ] 0 of a nonmagnetic material and scaled 
with epoxy resin 9\ Since the small magnet assembly and the Hall element assembly are fixed to the rotor 
and a stator shaft 5, respectively, there is relative motion between the small magnet assembly and the Hall 
clement assembly so as to output a magnetoelectric inductive signal. The signal is introduced into a motor 
controlling field effect power transistor to drive a brushless motor to operate. 
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With the above solution, the motor and the inverter ar^ integrated so that the motor has a 
compact structure, a decreased system volume, an improved reliability, and a strong resistibility to. 
interference. In addition, the Hall clement is not affected by an increased temperature inside the motor. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The utility model will be further explained in conjunction with accompanying drawings and the 
embodiments. 

Fig. 1 is a view showing a structure of a motor according to the present utility model. 
Ffg. 2 is a view showing a structure of multiple pole magnets and non salient pole projecting 
teeth of an outer rotor of the motor. 

Fig. 3 is a view showing a structure of a small magnet assembly. 
Fig. 4 is a view showing a combination of Hall elements. 

Fig. 5 is a view showing a combination of a field effect power transistor and a heat-radiating 

plate. 

Fig. 6 is a principle view of an inverter circuit 

In Fig. 1, 1 a stack member of motor silicon steel sheet, 2 a motor outer rotor housing, 3 
permanent magnets, 4 motor windings, 6, 7, 1 5 a small magnet assembly, 8, 9, 1 0 a hall clement assembly, 
13, 14 field effect power transistor assemblies, 12, 16 motor outer rotor left and right end covers, and 17a 
race of a needle roller bearing which is also used as a passage for a lead wire hole. 

In Fig. X 1 a stator core and windings, 2 an outer rotor, 3 permanent magnets, 4 windings, and 5 
a motor shaft. 

In Fig. 3, 6 an iron ring, 7 a small magnet assembly, and 15 an annular groove of a nonmagnetic 

material. 

In Fig. 4, g Hall elements, 9 an epoxy resin seal, and 10 a groove box of a nonmagnetic material. 

In Fig. 5, 12 field effect power transistors, and 1 4 a heat-radiating plate. 

In Fig, 6, 8 a Hall clement circuit, 18 an electronic switching circuit, 19 a field effect transistor 
circuit, 20 a three-phase winding circuit and a protection circuit for a motor, 21 a protection circuit, and 
22 a battery and a switching circuit 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Referring to Fig. 1 , an iron ring 6, small magnets 7 and an annular groove 1 5 is composed as a 
combination shown in Fig. 3. Assuming that a motor is one having 14 poles in this embodiment, 14 
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magnetic poles are distributed on an outer rotor core inside the motor. The small magnets 7 arc equal in 
number to magnetic poles inside the motor and arranged so that position and angle of the magnetic poles 
of the small magnets are the same as angle and position of N and S poles of the permanent magnets inside 
the motor. A position of a same polarity of each magnet must be arranged so that after a polarity inside the 
motor is aligned with the same polarity of the small magnet 7, the small magnet is fixed to a groove of the 
right end cover 16 so that N and S polarities are directed towards outside of the groove. The annular 
groove 1 5 is molded with a nonmagnetic material such as nylon, bakelite, or ABS plastic. The iron ring 6 
are firstly placed into the groove and then the small magnets are placed into the groove and onto the iron 
ring 6 to be arranged in a circular shape in sequence in a manner that N and S poles are adjacent to each 
other. As a result, a circular small magnetic pole ring is formed. This configuration compounds to 
replacement magnetic poles inside the motor with magnetic poles outside the motor so that Hall elements 
are not necessarily embedded in grooves for windings of the motor as the prior art, can be maintained ' 
without the motor disassembly, and no permanent magnetic material inside the motor will be 
demagnetized non-reveisibly due to an excessive temperature of the motor and excessive cun-ent in the 
windings. Hall elements 8 and 9 in the assembly and an electronic switching circuit element 1 8 are 
combined and sealed in a circular groove box 10 of a nonmagnetic material. It is required that three Hall 
elements 8 are fixed to a bottom of the groove box at equal intervals based on an electrical angle of the 
motor having three phases and 14 poles. Then, the circular groove box is fastened to a motor shaft 5 with 
a gap required for a magnetic induction thereof with the small magnet assembly. A signal line and a power 
source line led out from the motor are penetrated into the motor through a groove hole in the motor shaft, 
and connected with the field effect power transistors and the power line. Another power line is penetrated 
into the motor through a lead wire hole particulariy provided at an inner race 17 of a needle roller bearing 
at a lefl end cover 12 of the motor. Each of the right and left end covera are provided with a bearing cover 
for covering and protecting the bearings. 

Figs. 5 and 6 are views showing a heat radiating plate assembly for a field effect power transistor 
and a circuit principle, respectively. The field effect transistors 12 as shown are selected according to 
rated voltage, rated power and rated current of the motor. The field effect transistors can adopt existing 
VMOS field effect transistor such as IRF type or RFM type field effect transistors. The heat radiating 
plate 14 is configured as shown in Fig. S and a plate of aluminium alloy is pressed, welded, shaped, and 
perforated, and assembled with the field effect transistors 12. and then the assembly of the hcat-radiating 
plate 1 4 and the field-efiFect transistors 12 are fixed on a left side of the core of the stator of the motor. The 
Hall element can adopt a homemade switching type Hall element of CS3000 series or UGN3000 series. 
The Hall clement is a combination of a Hall element and an integrated amplifying circuit The electronic 
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switch 1 8 is provided with three AND gate CD4073 in a logical circuit and an inverter CD4049. both of 
which are CD4000 series chips. Out tenninals of the power transistor 1 3 are connected in parallel to a 
protection circuit (a diode and a resistance connected thereto in series) 1 9 to prevent the power tmnsistor 
1 3 from being broken down by a back electromotive force. The windings of each phase of the motor are 
connected in parallel to a proieaion circuit 20 in which a diode and a resistance connected thereto in 
series. A system p«>tectine circuit consists of LM31 1 to constitute a chopper constant current protection 
circuit 2 1 for making a voltage applied to the windings in starting has a period of time to increase by 
using RC time delay circuit in the LM311 circuit. Since the voltage applied to the windings has transition 
time, starting cunrcnt rises in an exponential curve, thereby improving stabiHiy of starting of the motor. 
The LM31 1 circuit will output a low level to lock out all of the power switching elements to protect the 
field effect power transistors by using a principle of wave chopper constant current of the pttrtection 
circuit 21in the case where an accident occurs so that current of the circuit is excessive. In a power and 
switching circuit 22, a voltage of the power is determined according to requirement of the motor and a 
switch is selected depending on requirement of usage. 
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CLAIMS 

What is claimed is: 

1 . An electromechanical permanent-magnet brushiess motor pertain to a technical field of motor, 
comprising: a permanent magnet outer rotor, three phase winding inner stator, a magnetoelectric effect 
assembly, and a power transistor assembly, characterized in that: 

a. the permanent magnet outer rotor is configured in such a manner that identical polarities of 
permanent magnets are arranged alternately so that adjacent core projecting teeth forni polarities (non 
salient poles) opposite from those of the permanent magnets; 

b. each pole of each phase of the three phase winding inner stator comprises three windings, the 
same winding is embedded in winding grooves on both sides of one tooth in a manner of double-layer" 
bank winding, and three windings are forwardly and reversely connected in series and a lead wire is led 
out; 

c. a power transistor heat radiating assembly 1 3, 14 Is installed at a left side of the inner stator. a 
small magnet assembly 6, 7, IS and a Hall element assembly 8, 9, 10, 16 are installed in aiwess of aright 
end cover, a small cover Is provided externally; 

d. a needle roller bearing is installed in a left end cover 12, a lead wire hole is provided in a 
bearing inner race 17, and a mall cover is provided externally. 



2. The electromechanical permanent-magnet brushiess motor according to claim 1, characterized 
in that the outer rotor magnets include 20 magnets, the adjacent core projecting teeth include 20 teeth to 
form non salient poles, the permanent magnets are disposed so that N poles.thereof is directed towards a 
center of a circle, while a pole of the adjacent projecting teeth is a S pole, there are 20 pair^ of or 40 
magnetic poles, and no magnetic shield material is interposed between the permanent magnets and the 
core projecting teeth. 



3. The electromechanical permanent-magnet brushiess motor according to claim 1 , characterized 
in that the inner stator includes 36 grooves, and three-phase doubly-layer bank windings, and each phase 
includes 1 2 windings, and each pole includes 3 windings. 
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4. The electromechanical permanent-magnet brushless motor according to claim 1, characterized 
in that the power transistor heat radiating plate assembly installed at the left side of the inner sutor is 
composed of 6 field effect power transistors 12 and a hear radiating aJuminium 14 to constitute a 
three-phase inverter power output stage. 



5. The electromechanical permancnt-magnet brushless motoraccording to claim I. characterized 
in that the small magnet assembly installed in the recess of the right end cover 16 of the motor outer rotor 
is composed of an iron.ring 6, N and S pole magnetic ring? and a gnKJve ring 15 of noranagnetic material. 



6. The electromechanical permanent-magnet brushless motor according to claim 1, characterized 
in that on a shaft 5 at the recess of the fight end cover 1 6 of the outer rotor of the motor, Hall elements 8, 
epoxy seal material 9, a nonmagnetic material circular box 1 0 with a groove, and an electronic switching 
circuit element 1 8 for the Hall elements are fixed. 



7. The small magnet assembly installed in the recess of the right end cover .16 of the motor outer 
rotor according to claim 5, characterized in that the small magnet assembly 7 is equal in number to 
magnetic poles inside the motor and arranged so that distribution of position and angle of N and S poles 
of the small magnet assembly is the same as that of angle and position of magnetic poles inside the motor. 



8. The small magnet assembly installed in the recess of the right end cover 16 of the motor outer 
it)tor according to claim 6. characterized in that a number of the Hall elements is equal to a phase number 
of the motor windings, a space between the respective elements is equal to an angle of phase difference of 
phase windings in the motor, and the Hall elements are attached to a bottom of a circular groove box 1 0 
and fixedly installed on the shaft 5 of the motor, so as to keep a magnetoelectric induction signal output 
with the small magnets 7. 
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ABSTRACT OF DISCLOSURE 

An electromechanical permanent-magnet bnishless motor comprises permanent magnet salient 
poles on a rotor of the motor and core projection tooth non salient poles so that pole number and moment 
of the motor arc increased, and cost of the motor is decreased, compared with a motor of the same size as 
the motor of the present application. In the motor of the present application, electronic inverter power 
transistors are directly installed in the motor. Small magnets and Hall elements moving relatively, 
electronic switches, protection circuit and the like are installed in a recess of an end cover of the motor so 
that the brushless motor needs only two DC lead wires, thereby integrate electronic and mechanical 
configuration. The present invention is advantage in that the motor is resistant to interference, is not 
affected by a temperature inside the motor, is compact in structure, and convenient in maintenance, The 
motor can be widely applied to electrically operated wheel type motors for electrically operated vehicles, 
and a super quiet directly driving motor for washing machine drum. 
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